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*J (57) Abstract; A device and method for evaluating the optical distortion of light passing through a transparent plate body. To image 
^ a grid pattern (2) through a glass plate (3) by means of imaging means (4), 4n± a CCD pixels are provided for n grids (pairs of bright 
^ and dark portions) and a MoirtS fringes are formed. According to the gray data on the captured image, the sine wave of phase A and 
O that of phase B shifted from phase A by 90° are combined. The phase angle of each pixel on the Lissajous figure is calculated from 
^j. the sine waves of phase A and phase B. The refractive power is calculated from the phase angular velocity which is the difference 
between the phase angles of the pixels. 
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oo±«ffolfl!/<^j/|cov^Ttt, KTO*ttfc*5. 
±©«F**S. + , +, -, -©«g#T?< 19 *>>;t£ftTV>ftfc£ J; 
l&#oT. ^/l'-^ , rt©*IO©|ii*jC^||[$ft««F-i-f± + > _ V > 
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+ , ~ , -) t'fcoTU<, ( + , - , - , +) tfcoTfc 

— # > &®<Dmmtf-<DWt'£tiZte, ( - , -, +, +) T*fcoT*> 

J:<s (-, +, +, -) t^ott,±VN 0 iE^^BSr^ 

*6 3 {C {3: , EKRAtS*lT9 0° - O # 1 fi 5> 

+ . + , ~ ) ©l^tlt jEg£jftBO±«F-§-W: % ( 4- , +\ - , 
-) ^fcav^tt (-, -, +, +) tf5 o -0J;5|CLT, &x 

<o m m ffl ti m. . ± is © & ku k L & a? 0 t + * tc & - <o n -*§- & m % 
tttt#tt ts awim, b &m <o 2 mm<Dft-%-ftmmm nm. (c 

k) «r**« 0 fc*5, 5 ^Atffl, B ^ <E> 2 fli jj|t <£> $f {vj- 

pr^w^ie^r^^i-^^sfi. b & & a # & 5 <Dn^-mmx^m\z 

( s t e p 2 ) 

fcfc. 3E3£aSA*5 itjeEggjftB «r»ttj-t-s. rtitt, ±12X^*6 

*:A«ffl*jJ:tJ{BjS!i©2I8©^tfti#|iiAt|^LTKT©' 
^T^«>?,tl5 0 - ft , wO£5ftjE3&&A:fc«fcT*:E3£i£B£:?£g[ 

jESIftAKlOV^tt, A&/B © ^^tt®3?f ffi^^S* LtKT© 

(ft 1 ) 

An=SACk 

& K > 5E3S«BH:o'VNTW:,.BjRffl©^#ft®3(fW^|S[^»UT 
(tt 2) 
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n+3 

Bn=2BCk 

K=n 

(#3) 
i = 0 fitiiO^lfc; 

A 4 i +1 =- C 4 i +1 + C4i+2 + C4i+3 - C4i 
+ 4 

A4i+2= + C4i+2 + C4i+3 - C4i+4 - C4i 
+ 5 

A4i+3=+C4i+3 - C4i+4 - C4i+5 + C4i 

+ 6 

A4i+4=-C4i+4 - C4i+5 + C4i+6 + C4i 
+ 7 

B4i+1=+C4i+1 + C4i+2 - C4i+3 - C4i 

+ 4 

B4i+2=+C4i+2 - C4i+3 - C4i+4 + C4i 

+ 5 

B4i+3=-C4i+3 - C4i+4 4- C4i+5 + C4i 

+ 6 

B4i+4=-C4i+4 + C4i+5 + C4i+6 - C4i 

+ 7 

Kf k & t* § ^ ^ & ^ & § o ^ tb^e^ co m m ^ ** n z> # *@ ^ m * 

H i tt5 f£*B£^te x H i = A T A N ( B i / A i ) T*jfci6 
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£ * «U Di=Hi+l - H i tiot*»5iiiSTf#5; - 

£ T V* & V N 411 f 3: „ # *g ft it £ d i«0.5fi#T — mtteZZk 
5 » N D i fi^t)fef lr©5 - t^^^^^xv^So rom 

i 4 jc*svN*cr±, mmmftfc&mx&(DKmt&^ &&&&&&&& 
oiLT^^tv^.. - # „ k k m <z> # ifi te ^ a* ^ * *l t *3 ^ N 

tctoizn^ & m ft m m <o m m — m <d m m * m % u x m -r s t m m 
<Tt«tvN#^^ttHtt^iei<Kfeu, ^ 5 xft\,^m&\z nmm& 

K -a * ti 5 ^ ^ & £ < & tfj 5 r £ # T? # 5 „ 
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& > J^ib t * ^ fc ^ }c s -5 -c tt ^e^, © m m ^ 

<Z> £ m m ft o T 5 # fc ft D i & 0 A* h V 7 h Lt^5 0 b fc tf* 

GO W If ^[ £r M N ^fr©?^S:AVEtt5i: % sp ^ 

A V E = 2 D i / M 

E i = D i - A V E 

±E©J:5KLT*»bHfcltI!lofittftl4Ei|cJ 



L P 


: mffi* (3M£ : d p t 




f 






P : 






L : 




i 


0 : 










i 1 


r S tf> ® iff m *5 it £ 1 




(E i/2 jt) X P 




i 1 


ri©lii:fc*it5 ill 





i = t a n 0 i = (E i/2 O XPX ( 1 / L ) 
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( 0 i j&S/Jn $ v^fc #>) 

t a n 0 i=G/f i 

L P i = 1 / f i = ( t a n 0 i ) / G = 

(E i/2«) XPX (l/L) X (4/P) =2E i/ (.x 
L ) ( d p t ) 

r^l 0 0 0^ md pti^ o 

#W*«C©r*t* (ffittTOAA) ©WJI^fc^&S. - 
i-CI*. ±12© E i fc teJ: „ % 

F 1 = 0 

F i + 1 = F i + E i 

*ift©Smj* N IMlfgs ®r*i«ft**fc: i oTff 5 j. ^ 
* fete, r (of i ^&#W*-r©*0|8ia«« Atf « i 
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• 25 # 

(S£J&0iJl) 

' -7*-* Sr. Z 1~Z 5 O 0 0 i LTA^L, A^J^LfcSitfi^ 

tt«r C i = Z i ( i = 1 ~ 5 0 0 0 ) ^ITit, fc*5 N lo©^ 

II S> K IC 4 j@ 0 C C D Miff £*T»ftLfc#£><0 N ^1^-7* 

- * cd l ~ l 200H*ogp^^|gi 5^ttcL s mi 5 <DQmm<n 

m&t&m&^M&m 1 7 ~ 1 9 <£> :7 n — f t - h Irffl^TlKt 
So *-f, 0 1 7|^fj; 1 b LT±f f ^4figt 

3 „ 1 ? V y F (1 If yf) ^fc«9<Z>Kfiffc£rhti-5£, ± 

ft > h/2|© + ifih/2fio-^f^$it4|t5 0 -e 
LT, 4^tfc^fl:If(Uugo (k) XfMJ ^j^bfc^F 

& *5 , I 1 7©7n-|ifc^T(i, h = 8 % ft t> *> , 1 ^ y «/ 
K£ fc 5 8 m<D C CDi*fc#^*fc«**LT^5. Lfe 

P fc % ?g ft pT fg X* § „ M X. fcf h & 4 T* $> o T t> s 1 2 T* fc o 
Tt<tv^„ A ft N *M©i?}:h = 8©|^(:(i v 4 -IS + 

^fHl©-t|-U^Ilc4^t5 c h = 4 © fc: ft 

2 1®, h = 12©i^|:fi6 fa-© + flF# £: - «F#i*2fi!Sfc^fife-r 

£ # T* # 5 o 
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11 8(07ti5C, i: LTAffi, B *B © IE 5& 

&£4i/&-t-5o Mtft&Ucn. ^ry/li?4^lfc±f f (fug 
o (k) ) **L-eix©iii*m-^fl[ (da ta (i) ) KjUfSfc: 

*@ © a i © & , a i & &(Dhffi<Dmm(Dn-%-ttffimmzim<D%Qfc 

Bta§r^^t-5 0 ^f^/lT^^LfcilFf (fugo 
(k) ) «rh/4^^hbfc^^^^^txopf^tH^^ (da t a 

(i) ) ^jig#icfii^TT Bttm<Dn^ttmmm*im*mw.^z 0 

L T , ^^SB^CDBi^iii:^, B i P^t©hfio)S|©f ^ft 
iifittJ^IClPlctoTlItS, UT, HW^tLfcAfB, B*g 

(* 4 ) 
i = 0 «±©It 
k=0~5000/h 
FOR i=0 To k 

A8i+1=-C8i+1 - C8i+2 + C8i+3 + C8i 
+ 4 + C 8 i- + 5 + C8i+6 - C8i+7 - C8i+8 

A8i+2=-C8i+2 + C8i+3 + C8i+4 + C8i 

+ 5 4- C8i+6 - C8i+7 - C8i+8 - C 8 i + 9 

A8i+3= + C8i+3 + C8i+4 + C8i+5 + C8i 
+ 6 - C8i+7 - C 8 i + 8 - C8i+9 - C8i+10 

A8i+4= + C8i+4 + C 8 i + 5 + C8i+6 - C8i 
+ 7 - C8i+8 - C8i+9 - C8i+10 + C8i+li 

A8i+5= + C8i+5 + C8i+6 - C8i+7 - C8i 
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+ 8 - C8i+9 - C8i+10 + C 8 i +1 l + C 8i+l 
2 

A8i+6=+C8i+6 - C8i+7 - C8i+8 - C8i 
+ 9 - C8i+10 + C 8 i +1 1 + C8i+12 4- C 8 i + 
1 3 

A8i+7=-C8i+7 - C8i+8 - C8i+9 - C8i 
+ 10 + C8i+ll + C 8 i + 1 2 + C8i+13 + C8i 
+ 14 

A8i+8=-C8i+8 - C8i+9 - C 8 i + 1 0 + C8 
i+11 + C8i+12 + C8i+13 + C8i+14 - C8 
i .+ 1 5 

B8i+1=+C8i+1 + p 8 i +2 + C 8 i + 3 + C 8 i 
+ 4 - C 8 i + 5 - C8i+6 - C8i+7 - C8i+8 

B8i+2=+C8i+2 + C 8 i + 3 + C8i+4 - C8i 
+ 5 - C8i+6 - C8i+7 - C8i+8 + C8i+9 

B8i+3=+C8i+3 + C8i+4 - C8i+5 - C8i 
+ 6 - C8i+7 - C8i+8 + C8i+9 + C8i+10 

B8i+4= + C8i+4 - C8i+5 - C8i+6 - C8i 
+ 7 - C8i+8 + C8i+9 + C8i+10 + C8i+ll 

B8i+5=-C8i+5 - C8i+6 - C8i+7 - C8i 
+ 8 + C8i+9 + C8i+10 + C8i+ll + C8i+1 
2 

B8i+6=-C8i+6 - C8i+7 - C8i+8 + C8i 
+ 9 + C8i+10 + C8i+ll + C8i+12 - C8i + 
1 3 

B8i+7=-C8i+7 - C8i+8 + .C8i+9 + C8i 
+ 10 + C 8 i + 1 1 + C8i+12 - C8i+13 - C8i 
+ 1 4 

B8i+8=-c8i+8 + C8i+9 + C8i+10 4- C8 
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i+ll + C8i+12 - C8i+13 - C8i+14 - C8 
i + 1 5 

* — 0^f±ittK©ffi^±fflv> bjis t> ox-fe ^ s y ir » — m ^ 

131 > A *B N B^OIE^^^e>^4?)fc^:tt^H<^iii^<Dy^^3. — m 
!B«iKgfc:fBtt-t-3, ro^llt {4 *B £ £ ft g ^ gfc \c J; o T 5 
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(ft 5 ) 

ELSE IF (Al <0) THEN C1 = ATAN (B1 ' A1 > «1ML«4i« 

IF (B1>0) THEN C1 = ATAN (B1/A1) +7T ^2*PS 
PI <?c t«t/ d ^«x ELSE C1 =ATAN (B1/A1) -7T l£3£pg 

Ii o-T_n THEN Cl — nr/2 »4*JB (Al = 0CD«*Wai) . 

tLbt 01-0 (A1 = 0, 81-O0DW&31) 

i =2~4996 

ELSE IF ( ( A S<0) ThIn (Bl/A ° * 1 ^ 

IF (Bi>0) THEN Ci=AT AN (Bi/AO +7T ^2^RS 

' . e _ _ v ELSE C?=ATAN (BJ/Ai) -7T lg3&Bg 

phcl J£ ? >? THEN 01=71/2 »2«»(Ai-0©«*MW) 
c. on ?. F i Bi<0 > THEN Ci=-7r/2 $4&I!B (Ai=0©WMS) 
fcLbb Ci-Ci-1 (Ai=(K Bi=0©^*Q,S) 

b thfrGLfaiiiifem&m 2 3 &c^-r 0 

(ft 6 ) 

D 1-1 = CI- CM 1 Wmik *) CD&tg^fb^ 

IF (Di-1>7r) THEN Di-1 = Di-1 - 2 tt 1 mm-ftfoffilE 
IF (Di-1< — 7r) THEN Di-1 =Dt-1 +2?r 1 Mtii+lSfoffijE 



WO 2004/061437 PCT/JP2003/016015 

• 30 • 

m 7 > 

AVE = IDi/4995 
i = 1~4995 

ei = oi-ave we&<d\ mmm*)(D&.^itm 

!klz.s W JE $ ttfc &&&&&& fflv^T , ^r^^enoiij^^joftS 

5, . ■ 

(ma) 



L p 

t 
p 

L 

e 



Ei 

isgopfftizfctts 1 mm^-X'<ox^nm : gr=tanet = E ' - p — 

27T L 

(0i*<(h<H*fctt>) 

1 M^CDtfs/-^ : G = P/4 i: 

tan0i=G/fi T-feS^fe 

tanfli Ei 14 2Ei 

LPi = 1/fi= = p 



G 2 7T L P . 7T • L 

:*i©tooo(S(D||ii!i! mdpt ic&3<, 

^lE^ftTcteJB^jg^&r/BV^T, ^ *L ^ s <£> ® Iff & 5 



WO 2004/061437 



PCT/JP2003/016015 



31 



# -C # .3 . 
(* 9 ) 



* 33 , r. <D m *3 V^ X « x B! 1 7 © 7 P - J; 5 | C , h / 2 © + 
n& it h / 2 m<D -m-^r t &&K\Z±f£ 0 1 8 © 7 o - © J; 5 

»t«aTftlftff5tfc|cJ:t), l o©^y jjr Kt^^fs c C 
A*B, B^B© 2 o©jE5S^Sr^fc, ^jS©tW, JS #r H tH £ 

£fc N loo^p y Kli:»JSt5i*©«i:*txaJ, X=4 P 
C k /5» b A ^ (An) 3: 5 5£ N gtf© i 5 jbt 5 ^ i 

(* 1 0 ) . 



k^£>B*B (Bn) & :fc «> 5 5£ W: % BIT© J; 5 fc — ffltfc-t <6 t t> 




i = 2~4992 
Fi+1 =Fi+Ei 



An=2ACk 
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(11.1) 

n+ <X-1) 

Bn=SBCk 

k = n 

±ai©CCDI|?:tjS^fctl©CCD[il7Jt i!), -eilf 
Z.<Dm 2 (D MM <D lz #> T & , tfS 38 £ LTV^5 C CD 

mm<DMji\cm<5^x s a*b, b*b, c«, nnfrh&z 4mm<D 

&5fc*63 0 ^ ^ <D 4 ®gt<Z>jE3£$U± N A^^ B CfB^D 

ffi^>jiH#^ 9 o° -r^iiim^-rh ufc <5„ a*b 

frb 9 0° fomZ-f £>LTB*B£r3fc£> N B b 9 0 ° f£*B Sri* £> 

LTC|S?:tJ6, Cft^k9 0 o &tB£i*bLTD*@£3fcA£>TV^ c 
CCDBiWffl^^fe, 9 0° f ofeffi^f tifc4SIO 

( s t e p 1 ) 

*-f> 0f^(^/l--/ktz:^o T> =g-C C D mm<Dti\ti (Vn) M IE 

^fc{i^©^-^^s.j^T5„ ^^6tj^fi N m i <Dmm<DKn t mm 
> ^ ® * & si $c ^^4i@ojii^rri:o^^bfc^/^-^ , ^^{ts 0 

b T , •^tt-^ti^^/i' — 7 P rtOiii^§rV4i+l, V 4 i + 2 , 
V4 i+3, V4 1+4' (0^1) i*t. 

##Hctt N A*Bi::ov^te: s *T1£JBV^ ?t l <£> I ~ IV ^ <£> 
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(IS 2 ) 





I 


II 


III 


IV 


1 


+ 


+ 






2 


+ 






+ 


3 






+ 


+ 


4 




-f- 


+ 





_h|50^2^*3V^T(*, ^ ^ frl (D ft th Z> W s< ? — 1/ n , 

ft r i IC^^Co tfe f) s ft 1 a> ff 4 ^ if X . 4§- /n° * — |*| <D 

1 tf> £> ?t 4 £ , A +g ~ D +g ^ HI # fij ^ T 5 r. i: ^ J; 9, m%£ti 

I54i ili, A *B 2> £> D *g K ft T , Wt*Io^foV7 h$ 
*5ii-e*5, A ft ?T 1 ^SJStS^^^^i L T l> 3 
T? tt * „ L *S o X x A *@ fz: M L T tt . ft 1 ~ fr 4 (D V^ "f *L ft- #J 
^ T T t> £ Vn 0 Affi-D^^^fi-Si-^^^-^fiJ^T^Ift^S^ 

(3& 3 ) 



1 


A 


D 


C 


. B 


2 


B 


A 


D 


C 


3 


C 


B 


A 


D 


4 


D 


C 


B 


A 



WO 2004/061437 PCT/JP2003/016015 

• 34 • 

+ «f:li-©|ff|:iiLTiMltL, A *B ffi , B ft ffl , C *9 ffi , 

Dffi^o 4mm<Dw-%-ttmmm*>m (AVk, Bvk, cvk, d 

Vk) £3fctf>5 0 fefe, £ O i 5 fcAft/B-Dftffi© 4||CD^f 
( s t e p 2 ) 

ft , Aft, B ft , C ft , D ft , 4®^OIE^^^^tti-t--5o £ 
^•^ -tI2T*^a?>fcA^^~D+a^(o 4 iiotf^Bia^iii:: 
^U^TC^T^ftSrHJ^f 5 C &3o. w©«k5fcAft, B 
ft, Cft, Dft N 4«|«OIE^^^^#i-§^3 g f 4N Bl^^S^^ 

(112) 

n + 3 

An=SAVk 

k = n 

(A n ttAft, A V k \t k#@ ©®m<0^#©^fcB^M^*r) 
(» 1 3 ) 

n + 3 

Bn=EBVk 

(BnteB*B, BVkl4k#B©®Dl©«FW1i«iai*ffi*«*r) 
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• as • 

■ (f 14) 

n + 3 

Cn=ScVk 

k = n 

(#15) 

n + 3 

Dn=ZDVk 

k = n 

(DnteD*B, D V kttk#lOI*0?Jf#iI*|il*fi^t) 

(f 16) 
i = 0 gJ:0Sf 

A4i+1=-V4i+1 + V 4 i + 2 + V4i+3 - V4i 
+ 4 

A 4. i+2= + V4i+2 + V4i+3 - V4i+4 - V4i 
+ 5 

A4i+3= + V4i+3 - V4i+4 - V4i+5 + V4i 
+ 6 

A4i+4=-V4i+4 - V4i+5 + V4i+6 + V4i 
+ 7 

B4i+1= + V4i+1 + V4i+2 - V4i+3 - V4i 

+ 4 

B4i+2= + V4i+2 - V 4 i + 3 - V4i+4 + V4i 

+ 5 



B4i+3=-V4i+3 - V4i+4 + V 4 i + 5 -f 



V 4 i 
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+ 6 

B4i+4=-V4i+4 4- V4i+5 + V4i+6 - V4i 

+ 7 

C4i+1= + V4i+1 - V4i+2 - V4i+3 + V4i 

+ 4 

C4i+2=-V4i+2 - V4i+3 + V4i+4 + V4i 

+ 5 

C4i+3=-V4i+3 + V4i+4 + V4i+5 - V4i 

+ 6 

C4i+4= + V4i+4 + V4i+5 - V4i+6 - V4i 

+ 7 

D4i+1=-V4i+1 -7- V4i+2 + V4i+3 4- V4i 
+ 4 

D4i+2=-V4i+2 4- V4i+3 4- V4i+4 - V4i 
+ 5 

D4i+3= + V4i+3 + V4i+4 - V4i+5 - V4i 
+ 6 

D4i+4= + V4i+4 - V4i+5 - V4i+6 4- V4i 
+ 7 

H i t -t 5 t % *B ^ £ , Hi = A T A N ( (Bi-Di) / 
(A i - C i ) ) 1?t*5^i^T^5 0 ft*5, - © j; ^ te&mn 

(Hife0!j2)- 

& ^ > A*B~D*B<£> 4 Um<OJE&&&m^1t*:'am<D9S 2 O HJB 
0!l £r tfc PJ§ 1~ £ „ i (DmMMlZ&^X 5 0 0 0 Bl^ft57-f 
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• .37 # 

«r m w i- z> „ 

Tt)J:V ^ **«fctt. *^J:5(ih = 4^(:!i N 2m(D + 
4fl, h = i 2©|A 1 :|t 6 | (0 + f ^_ tti ^ Sj ^ t 

( f u g o (k) ) t **b**L©W* W *tf ( d a t a ( j } } 
*£>*A*B (phase_a(i)) i #i«|Ohi©i|^ f 

(k) ) «rh/4^7h UfcHte^H^n© (data 
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■eUTs Bffi (phase_b(i)) <D iU * „ i # S ^ <7) h <f© <7) p 

(phase_c(i)) % ifc^D*@ (phase_d(i)) & M 3fE ~t 5 „ t Lt> H 

tcfcteft m<D if 7 37 3 1 Ki7rc-r o 
($C 1 7 ) 

S i r A To* N ( i PBi - p D0/(PAi-PCi) ) 
<!U (PAi-PCi) #0&&Ci=CM t-rs 

($C 1 8 ) 

DM=Ci-CM 1@^0©{4ia^<b^ 

IF (Di-1>7r/2) THEN DH=DH-7r */I08J-*|Sj*iiE 
IF (Dj-1< — 7r/2) THEN DH=DM + ,r 
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(tfc 1 9 ) 

AVE=Zpi/4 9 95 
S = 1~4995 

Ei =Di— A V E 1 Mf^ 0 ©fetlgft^ 

*$IE$*Lfc{ite:ft3t^3r/i!V^T N ft ^* ;tx <£> M it ^ :fc # 5 
JS^f^J^rtf-^i-So ^ffcftj&ff-^&Ste, -LIB<7)mi©II^Mi!l^ 

*5 % ^(DFi(D^y^n, ft mm. (l/yX/N'^) £ a l£ L fc ^ 
2 0 ) 



i = 1 ~4992 

Fi= (Ei+Ei+1 + Ei+2+EU3) /4 

(Jfl 3 (DUliO^li) 
±3t LfcH 1 33 J;TJ«S 2 ©iliOiiC^ L/c J; 9 N ^7 

^ Pfe -9- 4 X a* $i rh iz % (o & m -f" 3 fc & \c Ht % ^ y y K ^ — ^ 
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±7&Ltcm i *j £ t>* jg 2 (Dmrn^mm tmikfc y ? k * $ — ^ 
^ ^ k: 33 »* 5 ^ y >y k ^ * - ^ t? <d & tfcj jc N y y k * — ^ 

^^^^ ^tttfrt #«t5 ^^^r^m-r^ - i: Srtf?^ 

mmx-h sik^^ 3 &*g&-r zm&^m a t mm 1 t zmz., 

^^^1011, El34^^i-J:5^ N -^ol3felf|5 1 1 j: 

®3 5te % HI 3 4 ©^2if tfeV^tx 4 CD^g^ lb 

& > H 3 5 fc^ti 5 * D v h (DM^Jjfa b J? V y h* * — >- 
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